Spontaneously occumng neoplasms and non-neoplastic proliferative changes of the pancreatic cells in aging Sprague-Dawley and Long-Evans rats were examined for the presence and distribution of pancreatic hormones using immunocytochemical techniques. Islet cell tumors were indistinguishable in the two rat strains. They were composed principally of insulin-containing beta cells, but had additional and variable small proportions of cells that stained for somatostatin, glucagon. or rarely, pancreatic polypeptide. The heterogeneity in these spontaneous islet cell neoplasms was similar to that reported in humans as well as those induced in rats by streptozotocin. Hyperplasia of the islet cells also mainly affected the beta cells, but the overall pattern of immunocytochemical staining usually remained similar to that of normal islets, a point of distinction from islet cell neoplasms. In addition, rats with exocrine atrophy and fibrosis were found to have considerable disruption and focal proliferation of the islets.
Proliferation of pancreatic endocrine tissue in a setting of pancreatic fibrosis is a well-described phenomenon in humans3 and it can be reproduced in laboratory animals by ligation of the pancreatic duct.j In rats, proliferation of pancreatic endocrine tissue in association with fibrosis occurs spontaneously with advancing ageio and repeated breeding." This is due, in part. to increased insulin demand in the face of declining islet cell function.Ig In addition, proliferative changes in the islets of Langerhans may also occur in association with the spontaneous lobular or chronic (relapsing) pancreatitis that is found in certain strains of rats8
These proliferative changes in the rat endocrine pancreas may be marked, and it can be difficult to distinguish florid hyperplasia from true neoplasms of the islets which also occur in untreated aged rats." Moreover, certain chemical compounds produce pancreatic fibrosis with associated hyperplasia and neoplasia in endocrine cells1 I . 1 4 x and distinguishing these induced changes from spontaneous lesions may be difficult.
Recent progress in immunocytochemistry has made it possible for pathologists to investigate functional aspects of histopathological alterations and this is particularly true of pancreatic pathology. Moreover, some workers have suggested immunocytochemistry may be useful in making the distinction between spontaneous and induced islet cell neoplasms. 22 This immunocytochemical study showed the localization of the major pancreatic polypeptide hormones in both hyperplastic and neoplastic islet cell alterations that occurred spontaneously in two strains of rats. Furthermore, the usefulness of immunocytochemistry in distinguishing hyperplastic and neoplastic lesions was evaluated.
Materials and Methods
The 18 islet tumors described in this report were selected retrospectively from control Sprague-Dawley (Crl-COBS-CD(SD)BR) and Long-Evans (Crl-COBS(LE)BR) rats obtained from Charles River, St. Aubin-Les-Elbeuf. France which were used in 2-year carcinogenicity studies conducted at Amboise. All housing conditions have been described prev i o~s l y .~ In addition, the pancreas from five Long-Evans and six Sprague-Dawley rats of a similar age but with no islet cell tumors were also studied. The pancreas from three female and three male Sprague-Dawley rats approximately 5 months old were selected as controls. All tissues were fixed in Bouin's fluid or 10% neutral buffered formalin. embedded in paraffin wax and 5-pm thick sections were prepared in a standard manner. ' An adaptation of the peroxidase-antiperoxidase tech-nique5.I8 was done on adjacent de-paraffinized sections in the following way. Sections were dewaxed with xylene and ethanol and then placed for 30 minutes in a solution of 1% H z 0 2 in methanol to reduce endogenous peroxidase activity. After a 5-minute rinse in tris-buffered saline, sections were incubated with the following sera: I : 10 normal swine serum (Nordic Laboratories, Tilburg, Netherlands) for 20 minutes followed by either 1 : 80 guinea-pig anti-insulin or 1 : 250 rabbit anti-glucagon or 1 : 250 rabbit anti-somatostatin (Dako. Santa Barbara, CA, USA) or 1 : 1,600 rabbit anti-pancreatic polypeptide (UCB Bioproducts, Paris, France) for 60 minutes. After washing with tris-buffered saline for 20 minutes, slides were incubated for 20 minutes in I : 20 swine antirabbit immunoglobulin G (H+ L) (Nordic Laboratories) and rewashed for 20 minutes in tris-buffered saline. Slides were then incubated in 1 : 50 rabbit peroxidase-antiperoxidase (Nordic Laboratories) for 20 minutes before another 20-minute wash in tris-buffered saline. The final steps were incubation for 5 minutes in 3.3-diaminobenzidine (Sigma. St. Louis, MO. USA). a rinse with distilled water. and counterstaining with Mayer's hematoxylin.
To control the immunocytochemical procedure. two methods were used. First in each case. the method above was repeated omitting the primary antiserum. Second, the method was repeated in eight cases with an absorption control. The positive staining reaction was abolished by prior incubation of the respective antisera at 4 C for 48 hours with bovine insulin ( 1 0 pglml antiserum) and bovine-porcine glucagon ( 1 pglml antiserum) or synthetic somatostatin ( 1 p g ml antiserum) (Sigma, St. Louis. MO. USA).
Results

Histological findings
Islets qfLangerhans. Most islets in aged rats were normal in appearance and were composed of a small circular collection of cells which were identical to those present in young rats. However, in areas of lobular atrophy and fibrosis, the normal arrangement of islets was often lost so that endocrine cells were present singly or in small clusters. In addition, enlarged hyperplastic islets were present both in areas of lobular atrophy and in areas of normal exocrine pancreas. These enlarged islets sometimes had a lobulated or irregular appearance due to the presence of intra-or extra-islet fibrosis or occasional exocrine cells between the endocrine cells. In other respects. cell arrangement and morphology were like that in the islets from young rats. No hyperplastic islet was larger than any tumor.
Islet cell tumors. Tumors from the two strains of rats were indistinguishable and all were judged to be benign. All were irregularly circular in shape and ranged in diameter from 1 to 8 mm (most greater than 4 mm diameter). In 14/18 cases. there was a distinct fibrous capsule surrounding all or part of the tumor. However. a common finding was the presence of foci ofendocrine cells on both sides of the capsule. suggesting either a growth by infiltration or collision with islets of Langerhans. All tumors were composed of well-differentiated cells arranged in a ribbon-like fashion along thin-walled sinusoids. These cells resembled those of normal islets and had pale, eosinophilic. finely granular cytoplasm. nuclei with a single small nucleolus and occasionally a mitotic figure. In addition, in half of the tumors. occasional elements that resembled pancreatic ducts were identified while, in a few tumors. small foci of exocrine acini were present; very rarely, mitotic figures were identified in these cell types. Dilated sinusoids or small lakes of proteinaceous fluid were often seen and micro-hemorrhages were sometimes a feature. Finally. small foci of golden-brown granular iron-containing pigment were present in the interstitium or macrophage-like cells of most tumors. None of the tumors showed poor histological and cytological differentiation, nor infiltration into the mesentery, nor metastases that would have indicated malignant behavior.
Esocrine tissue. As previously described,4 exocrine lobular atrophy coupled with focal chronic inflammatory change was common and sometimes severe in the Long-Evans rats. Only a minority ofsprague-Dawley rats were affected with mild focal lesions.
Immunocytochemical findings
.Vorr?la/ arid hjperplastic islers. In young rats, most cells in an islet were insulin-secreting. Glucagon-staining cells were limited to an incomplete ring around the circumference. The least common hormones were somatostatin and pancreatic polypeptide which were present in occasional cells predominantly at the edge of islets. In addition, very occasionally. single endocrine cells were seen in the exocrine interstitium. These findings were similar to those reported by others. ''
In old rats, most islets retained this pattern. The enlarged islets usually retained an incomplete ring of glucagon-staining cells around much of their circumference with most cells containing insulin (Figs. 1, 2) . However, some islets distorted by fibrosis failed to show this incomplete ring. and glucagon cells were scattered haphazardly through the islet. In areas of lobular atrophy, immunocytochemistry was also very efficient at identifying endocrine cells present singly or in small clumps (Fig. 3) . These cells usually contained insulin but somatostatin, glucagon-and pancreatic polypeptide-containing cells were also sometimes present. Very occasionally, insulin or glucagon-containing cells were seen in the cell lining of proliferating exocrine ducts or in exocrine acini present in areas of lobular atrophy and fibrosis.
Islet cell timers. All tumors were composed predominantly of insulin-secreting cells (Table 1 . Fig. 4) . In some instances, the staining in cells was weak and even when strong there was usually denser staining in the surrounding islets. Fifteen tumors had somatostatin-containing cells and nine had cells that contained glucagon (Figs. 5 , 6 ) . The usual pattern was a few single glucagon-or somatostatin-secreting cells scattered randomly amongst the insulin-secreting cells. but greater numbers were sometimes present. A significant feature was that glucagon cells were not just limited to the edge of tumors as described above in non-tumorous islets and indeed were often absent from this zone. Pancreatic polypeptide was identified in a few cells in only one tumor. The presence of iron-containing pigment in many tumors was a potential source of confusion with the brown immunocytochemical reaction. How- findings are fully consistent with the hypothesis based on classical histological staining techniques and ultrastructural study, that spontaneous islet cell neoplasms in the rat are principally of beta cell origin."
The predominance of insulin-staining cells in the islet cell neoplasms in these two strains is also comparable to the findings from recent immunocytochemical studies of similar spontaneously occurring tumors in the Fischer rat and AWSegHapBR rat.lh." In the latter rat strain both glucagon-and somatostatin-containing cells were present, only in small numbers. in islet cell tumors.lh This finding was very similar to the results of the present study. In contrast. glucagon was not found in the Fischer rat islet cell tumors and the presence of other hormones was not studied.''
The immunocytochemical findings in islet cell tumors induced in the Wistar rat by administration of streptozotocin and nicotinamide14.'4 resemble the pattern observed in the tumors in this study. Most cells in induced tumors contained insulin but smaller numbers of somatostatin-or glucagon-containing cells. and a few pancreatic polypeptide-positive cells were also
Thus, there appears to be no clear distinction on the basis of immunocytochemical staining between induced and spontaneous islet cell tumors in the rat.
The presence of two or more hormones in rat islet cell tumors is nevertheless comparable to the human situation. Insulin is the most commonly found hormone but careful examination often reveals other pancreatic hormones as we1l.I The histological differentiation of hyperplastic islets from small islet adenomas is difficult.'0 The major distinguishing features of adenomas in this and previous studies'" were larger size and more regular arrangement of cells along sinusoids. In addition, most adenomas possessed a distinct fibrous capsule. Immunocytochemistry proved useful but not infallible in helping make the distinction between hyperplasia and neoplasia. Both were composed mainly of insulin-containing cells but significant differences were seen in the distribution of other hormones. In neoplasms, glucagon and somatostatin cells, when present, were scattered haphazardly throughout the mass. In contrast, most hyperplastic islets conserved the zone of glucagon-containing cells around the perimeter. Unfortunately, an exception to this rule were some of the islets distorted by fibrosis in which this arrangement ofglucagon staining was lost and replaced by a haphazard arrangement similar to that of tumors. Similar hormonal differences between hyperplastic and neoplastic islets are found in humans. and immunocytochemistry has also been used in this species to help differentiate the t~0 . I~ One question of considerable interest is, in a tumor composed predominantly of insulin-secreting cells, what is the nature of the other hormone-containing cells? They could either be normal cells trapped in the growing tumor or represent dedifferentiation of the neoplastic cells. The relatively large numbers of glucagon-or somastatin-containing cells in four tumors, and the cytological similarity of cells containing different hormones, indicates that the latter probably occurs in at least some tumors.
Immunocytochemical studies of the pancreas in aged rats with acinar atrophy and fibrosis (lobular atrophy) have not been reported before. The prevalence of this condition, initially described as chronic relapsing pancreatitis," varies considerably between rat strains.' In this laboratory, Sprague-Dawley rats develop this condition infrequently and it usually remains anatomically limited to one or two lobules. By contrast, up to 40% of Long-Evans rats develop this condition; males and females are equally affected, and it tends to affect many lobules." Immunocytochemical stains were a particularly efficient method of detecting the changes in endocrine cells in this condition. Thus, considerable disruption of the islets was revealed and endocrine cells were found singly or in small clusters. In addition, there were occasional zones of proliferating endocrine cells which were mainly insulin-positive. These findings mimic those occurring in destructive lesions of the human exocrine pancreas.3 The finding of occasional endocrine cells within the walls of proliferating ducts lends support to the hypothesis that islet cells are generated from pancreatic ductal epithelium.6 Clearly though, no firm conclusions about this hypothesis can be drawn from findings in this study.
Finally, it should be noted that no clear association between exocrine changes and endocrine neoplasia was noted in this study. Thus, islet cell adenomas occurred mainly in male rats with a similar prevalence in the Sprague-Dawley and Long-Evans strains. By contrast. exocrine atrophy was far more common in Long-Evans rats and showed no differences between sexes.
